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Abstract 
Zeolite was synthesized by using fly ash and amorphous silica from rice husk ash as the raw materials. Amorphous 
silica was mixed with fly ash and then fused by fusion method prior to incubation at low temperature. The objectives 
of this research were to prepare zeolite using fly ash and amorphous silica from rice husk ash and to study the effect 
of amorphous silica content on crystallization time of the synthesis products. Fly ash was mixed with amorphous 
silica in the ratios of 10:0, 8:2, 7:3, 6:4 and 5:5 (wt/wt). Then, the mixtures were ground with sodium hydroxide in 
the ratio of 1:1 and fused at 823 K for 1 h.  Subsequently, the ground samples were dissolved in 100 ml of distilled 
water and put into shaking water bath. The mixture of fly ash and amorphous silica in ratio of 7:3 generated the 
highest yield and crystallinity of zeolite (faujasite type). Moreover, the crystallization time was studied at 343 K after 
left the mixture for 1, 2, 3 and 4 days, respectively. The results showed that the faujasite phase was found after left 
for 1 day. Then, the morphology of faujasite was confirmed by using SEM which indicated that the octahedral crystal 
of faujasite. The results were confirmed by FTIR, CEC and BET techniques. FTIR spectra exhibited the presence of 
internal Si-O-Si and Si-O-Al asymmetric stretching mode. The CEC and specific surface area of faujasite were 3.6 
meq/g and 233 m2/g, respectively.  
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Thailand’s energy demand has increased greatly in the last two decades due to the country’s rapid 
economic growth. This growing demand requires additional energy generation efforts [1]. Mae Moh 
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power plant in the northern part to Thailand uses lignite coal as fuel to produce electricity therefore fly ash 
is the by-products of this process [2]. One of the major problems of all combustion power plants is unused 
fly ash and bottom ash. The major component of fly ash are composed of amorphous alumino silicate with 
some crystals, e.g. D-quartz (SiO2), mullite (2SiO2.3Al2O3), hematite (D-Fe2O3) and magnetite (Fe3O4)
which can be used to synthesize zeolite from fly ash [3]. Zeolites are crystalline, hydrated aluminosilicates 
of alkali and alkaline earth cations, which a three dimensional lattice, furrowed by an inner network of 
pores and channels. Zeolites have a high cation exchange capacity and have often been used as 
inexpensive cation exchanger for various applications [4]. Recently, several types of slow release 
fertilizers have been developed and tested, including slow release fertilizers using various zeolites. 
However, slow release fertilizers are often expensive and the release of nutrients is slow at time of high 
nutrient need [5]. The aim of present study the ratio of SiO2/Al2O3 desired to faujasite zeolite. The values 
of these ratios were obtained from earlier patents reported on the synthesis zeolite from fly ash which can 
be obtained from Mae Moh power plant (Thailand). Although fly ash from Mae Moh power plant was low 
silica and high calcium oxide which can be classified as a high calcium oxide class C fly ash. Therefore, it 
needs to add silica from different sources. Rice husk ash has been used to produce amorphous silica. 
Thuadaij [6] synthesized amorphous silica from rice husk ash and it was found that agglomerate size and 
specific surface area were 189.73 Pm and 138.74 m2/g, respectively. Thus, the mixture of fly ash and 
amorphous silica from rice husk ash is suitable for starting materials to synthesis zeolite. Tanaka [7] 
conducts a series of experimental on coal ash to control production of faujasite group and Zeolite A. Their 
work showed that by adjusting silica to alumina ratio by adding sodium aluminates (commercial grade) to 
fly ash, it is possible to direct the reaction toward forming certain type of zeolite. They found that at 
SiO2/Al2O3 d 2.5 zeolite A was formed and at SiO2/Al2O3 between 7.3-13.2 single phase of faujasite 
groups are possible to form, the experimentals were conducted at 358 K and long crystallization time for 3 
day. 
The purposes of present work were to synthesize faujasite zeolite from fly ash and amorphous silica 
from rice husk ash and to study the effect of amorphous silica content on crystallization time of the 
synthesis products. Silica/alumina ratios were adjusted by adding submicron amorphous silica from rice 
husk ash as described in Table 1.  
2. Experimental 
2.1 Materials 
The fly ash from Mae Moh Power plant, Lampang Province was used as raw material and iron oxide 
impurity was removed by magnetic separation. The raw materials were characterized by X-ray 
fluorescence spectrometer (XRF: Megix Pro MUA/USEP T84005, Philips), X-ray diffractometer (X’ Pert 
MPD, Philips), particle size analyzers (Mastersizer S), specific surface area (BET: Quanta Chrome 
Autosorp-1) and cation exchange capacity CEC, respectively. Results were summarized and shown in 
Table 2. 
2.2 Zeolite synthesis 
Zeolite synthesis process was performed by making a total of 10 grams from mixed fly ash to 
amorphous silica at (weight) ratio of 10:0, 8:2, 7:3, 6:4 and 5:5 respectively. For fusion step, sufficient 
amount of fly ash was mixed with appropriate ratio of fly ash/sodium hydroxide at 1:1 (wt/wt). The 
resultant mixture then fused in a muffle furnace at 823 K for 1 h in air atmosphere. The heating rate of 
278 K/min was applied to elevate the temperature from ambient to 823 K. The fusion products were 
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determined by X-ray fluorescence spectrometer (XRF) as summarized the ratio of SiO2/Al2O3 in Table 1. 
The fusion product was ground and mixed with 100 ml distilled water, followed by vigorous shaking 
water bath at room temperature for 3 h at room temperature. After aging 18 h, slurry subjected to
incubation crystallization in closed water bath at 343 K for 24 h without any stirring. The solid crystalline 
product was recovered by filtration and washed by distilled water until the filtrate pH was 10-11. The 
synthesis products were dried in oven at 393 K for 12 h. Sample was then characterized by XRD as 
shown in Fig. 3. According to our perceptions, the above time that allotted for fusing, aging and 
incubation method resulted in the best crystalline product with fly ash and amorphous silica from rice 
husk ash ratio of 7:3. The best condition was used to synthesis zeolite various crystallization times for 1, 
2, 3, and 4 days respectively. The crystallinity of final zeolitic product was evaluated by mean X-ray 
diffraction technique. Morphology of crystallinity zeolitic product was examined by mean of scanning 
electron microscopy. Cation exchange capacity (CEC) was measured by mean of ammonium acetate 
saturation method. The best crystalline was identified by Fourier transform infra-red spectroscopy (FTIR; 
Perkin Elmer; Spectrum GX) and specific surface area was determined by BET.  
Table 1. The experimental conditions used in this study 
Compositions (g) Fused materials 
(XRF)
Faujasite zeolites 
reference [8] 
Samples 
*FA *AS 
SiO2/Al2O3
before fusion 
SiO2/Al2O3 SiO2/Al2O3
A1 10 0 1.60 2.16 
A2 8 2 3.06 3.05 
A3 7 3 4.11 3.71 
A4 6 4 5.50 4.88 
A5 5 5 7.42 5.92 
3-5 
* FA=fly ash, *AS= amorphous silica from rice husk ash 
3. Results and Discussion 
3.1 Raw material  
The chemical composition of fly ash and fly ash after removed iron oxide by magnetic separation is 
shown in Table 2. 
Table 2. Chemical composition of as-received fly ash and fly ash after removed iron oxide (wt%)
Components expressed as oxides Fly ash as-received (wt%) Fly ash after removed Fe2O3 (wt%)
SiO2 35.43 35.95
Al2O3 22.82 22.52
Fe2O3 11.47 4.01
CaO 20.89 23.47
K2O 2.12 2.50
SO3 6.76 6.98
TiO2 0.41 0.44
Mn2O3 0.09 0.12 
SiO2/Al2O3 1.55 1.60 
Particle size (Pm) 37.05 8.25 
Specific surface area (m2/g) 2.32 19.69 
CEC (meq/g) 0.05 0.08 
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Fly ash sample after removed iron oxide presented the lowest amount of iron oxide content as shown 
in Table 2. Fe content is associated with to presence of magnetite which can behave as inert material for 
zeolite synthesis [9]. The total amount of SiO2 and Al2O3 are 35.95 and 22.52 wt%, respectively. The 
total amounts of calcium oxide show that 23.47 wt% which can be used to notable synthesis zeolite. 
However, calcium oxide was found to be present in relatively high amounts which can affect zeolite 
synthesis as calcium competes with sodium cation to occupy the active sites of the formed zeolite [10]. 
SiO2/Al2O3 ratio is an important parameter for zeolite synthesis. However, fly ash sample after removed 
iron oxide was slightly low in SiO2 content.
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Fig. 1. X-ray diffractogram of fly ash obtained from Mae Moh 
Power Plant, Lampang Province
Fig. 2. Morphology of fly ash obtained from Mae Moh Power 
Plant, Lampang Province
Fig. 1 shows that of X-ray diffractogram of fly ash from Mae Moh power plant after removed iron 
oxide. The hump noticed in the X-ray pattern indicates the presence of amorphous materials, which are 
likely to be glass portion which is the main phase amorphous aluminosilcate and silicate such as 
Al6Si2O13, Al2O3SiO2.CaSiO3 and AlK(SiO3)2 [11]. On the other hand, Fig. 2 shows a typical image for 
the fly ash particles with sharp non-homogeneous morphology and the part of micro particle in the shape 
of smooth ball (micro sphere). 
3.2 Synthesis of Zeolite 
The effect of the composition of reaction mixture on type and crystallinity of the synthesized samples 
were investigated with the ratio of SiO2/Al2O3 of the fused product from 2.16, 3.05, 3.71, 4.88 and 5.92 
respectively. The XRD diffractograms were presented in Fig. 3. 
                                
Fig. 3. X-ray diffractograms of the zeolite prior to incubation fused from various fly ash to amorphous silica weight ratios of (A1) 
10:0; (A2) 8:2; (A3) 7:3; (A4) 6:4 and (A5) 5:5 
10 20 30 40 50 60
FFFFF
F
FF
F
F
FFF
F
FF
F
FFF
F
F FF
FFFFFF F
F
FF
FF
F
F
FF FF A5
A4
A3
A2
(A1)
In
te
ns
ity
2Theta
F
*F=faujasite zeolite
1030  P. Thuadaij and A. Nuntiya / Procedia Engineering 32 (2012) 1026 – 1032
A1 shows an amorphous phase of aluminosilicate. A2-A5 samples are demonstrated to be that faujasite 
zeolite as JCPDS number 39-0218 with high crystallinity. These patterns further indicated that the 
crystallinity of synthesized samples enhanced with increasing SiO2/Al2O3 ratio of 3.05, 3.71 and 4.88, 
5.92 then gradually depleted. It seems that there is a change of zeolite type the faujasite zeolite when 
SiO2/Al2O3 ratio in reaction mixture goes 3.71. However, this conversion is associated with a decrease of 
the crystallinity due to the decrease amount of Al2O3 from fly ash which are predominant precursor of 
zeolite [12].
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Fig. 4. X-ray diffractograms of zeolite prior to incubation fused with fly ash to amorphous silica at weight ratio of 7:3 for different 
crystallization times of 1; 2; 3 and 4 days 
Fig. 4 displays XRD patterns of fly ash and amorphous silica from rice husk ash ratio of 7:3 which are 
the ratio of SiO2/Al2O3 = 3.71 by fusion prior to incubation method at 343 K at different crystallization 
times. The x-ray diffractions after crystallization for 1 day shows the main phase of faujasite zeolite as 
JCPDs number 39-0218. The maximum crystallinity occurs after 1 day However, after 2 days of reaction 
the characteristic peaks of faujasite zeolite tend to decrease in intensity. This behavior coincides with the 
mechanism of process for zeolite formation from typical sources of aluminum and silicon. The reduction 
in peak intensities after 2 days may be result of the transformation of faujasite zeolite to the zeolite P. 
This zeolite is within the group of gismondite (GIS) whose structure is based on single 4-ring units, which 
are compatibles with faujasite zeolite [13]. Zeolite P detected in x-ray diffraction analysis and it was also 
observed by SEM microphotographs as shown in Fig. 5. Krznaric [14] found that zeolite A and X tend to 
transform into zeolite P upon prolonged reaction time at the same sodium hydroxide concentration.  
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(a)   (b) 
(c)   (d) 
Fig. 5. SEM Microphotographs of zeolite obtained from fly ash and amorphous silica ratio of 7:3 at different crystallization times 
(a) 1; (b) 2; (c) 3 and (d) 4 days 
Fig. 5(a) shows the morphology of faujasite zeolite crystalline displays the octahedral crystal of zeolite 
and it was confirmed by Hidekazu [15]. Fig. 5(b) shows the faujasite zeolite transform to cubic crystal 
and flaky on surface structure of faujasite zeolite. Also in the long crystallization times, faujasite zeolite 
progressively changes its morphology from octahedral crystals to zeolite P as shown in Fig. 5(c-d). 
3.3 Characterization of zeolite.
Fourier transform infra-red spectroscopy (FTIR; PerkinElmer; Spectrum GX) was utilized to 
determine the functional group of zeolite sample and specific surface area was measured by BET method. 
Fig. 6 shows typical infrared spectrum of the synthesized faujasite zeolite. The specific surface area and 
cation exchange capacity (CEC) of the synthesized faujasite zeolite are 232.73 m2/g and 3.6 meq/g, 
respectively.
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Fig. 6. FTIR spectra of the synthesized faujasite zeolite 
1032  P. Thuadaij and A. Nuntiya / Procedia Engineering 32 (2012) 1026 – 1032
The spectrum of faujasite zeolite illustrates the presence of absorptions at 458, 559, 666, 746, 974, and 
1647 cm-1. The 974 cm-1 band is due to the Si–O–Al antisymmetric stretching vibration mode of T–O 
bonds, (where T = Si or Al) [16-18]. The band at 746 cm-1 is due to the S4R T–O–T symmetric stretching, 
while the absorption at 559 cm-1 is attributed to the D6R T–O–T symmetric stretching. The two bands at 
666 and 458 are assigned to the Si–O–Al symmetric stretching and S4R symmetric bending modes, 
respectively.
4. Conclusions
Faujasite can be synthesized by using fly ash and amorphous silica from rice husk ash as the raw 
materials and then fused by fusion method prior to incubation at low temperature. The mixture of fly ash 
and amorphous silica in ratio of 7:3 generated the highest yield and crystallinity of zeolite (faujasite type). 
The faujasite phase was found after left to complete crystallization for 1 day. Then, the morphology of 
faujasite indicated the octahedral crystal of faujasite. The results were confirmed by FTIR, CEC and BET 
techniques. FTIR spectra exhibited the presence of internal Si-O-Si and Si-O-Al asymmetric stretching 
mode. The CEC and specific surface area of faujasite were 3.6 meq/g and 233 m2/g, respectively. 
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